INTRODUCTION
Although solid cesium hydroxide is included in the thermochemical compilations by the JANAF team [ 1] and Glushko er al. [2] , the experimental basis for these assessments is rather poor. The enthalpy of formation has been derived from measurements made more than 80 years ago; heat-capacity measurements have not been reported. The tabulations are thus mainly based on estimated quantities. Because CsOH is of interest as a potential reaction product of the core-coolant interaction in LWR-reactor accidents, we made a systematic investigation of its thermochemical properties. In recent papers the vapour pressure, measured by transpiration technique [3] , and a redetermination of the enthalpy of formation by solution calorimetry [4] , were reported. The present paper completes our investigations of condensed CsOH: low-temperature heat capacities have been measured by adiabatic calorimetry and enthalpy increments for the solid as well as the liquid have been measured by drop calorimetry. Additional information on the high-temperature phase transitions has been obtained by DSC. From these data, smoothed thermodynamic functions have been calculated up to 1000 K.
EXPERIMENTAL
The preparation of CsOH from c&urn metal has been described before [4] . For the present study three different samples have been used whose chemical compositions are given in Table 1 . Cesium was determined gravimetrically with kalignost; CO:-was analysed by titration with HCl(uq).
For the low-temperature heat capacity measurements 21.4469 g of the CsOH-1 sample was loaded into the gold-plated copper calorimeter (laboratory designation W-99) provided with a screw-type closure with a stainless-steel knife edge and an annealed gold gasket. The loaded calorimeter was evacuated and 2.7 kPa of helium gas was added at 300 K to facilitate thermal contact between sample and calorimeter.
Heat-capacity measurements were made in the range 5-345 K in the Mark XIII adiabatic cryostat [5] . The calorimeter was surrounded by a shield system provided with automatic temperature control. A Leeds and Northrup capsule-type platinum-resistance thermometer (laboratory designation A-5) was used for temperature determinations. The thermometer was calibrated at the NBS against IPTS-1948 IPTS- (as textually revised in 1960 [6] for temperatures above 90.2 K, against the NBS provisional scale from 10 to 90 K, and by the calibration technique of McCrackin and Chang [7l below 10 K. These calibrations are judged to reproduce thermodynamic temperatures to within 0.03 K from 10 to 90 K and to within 0.04 K above 90 K. Determinations of mass, current, voltage and time are referred to standardizations and calibrations performed at the NBS. The accuracy of a single heat-capacity measurement is considered to be about 0.5% from 10 to 15 K increasing to about 0.1% between 30 and 350 K.
The enthalpy increments above 298.15 K were measured in an isothermal diphenyl ether calorimeter which has been described previously [8] . Briefly, the sample is enclosed in a spherical silver ampoule (15 ppm total metal impurity) with a 0.25 mm wall The drop calorimetric measurements were made in two series. For the first series 7.81521 g CsOH-2 was enclosed in an ampoule of 4.01356 g. For the second series the weights were 4.90927 g of CsOH-3 and 3.865 I7 g, respectively. All masses were corrected for weighing in argon to masses in vacuum. A correction was made to account for the difference in enthalpy between the final calorimeter temperature (300.06 K) and the standard reference temperature, 298.15 K, using CF(298. I5 K).
The transition temperatures for CsOH were recorded directly in a Mettler DSC apparatus (type TA-13) by heating CsOH in a sealed silver crucible at a heating rate of 5 K min-', using the melting points of Sn and Zn as reference. The temperatures were recorded as onset values; the indicated uncertainty is the standard deviation of a number of DSC runs.
RESULTS
The results of the low-temperature heat capacity measurements are given in Table 2 ; the indi- Table 2 . Experimental low-temperature heat capacities of CsOH in The contribution of the lattice was determined from the single parameter phonon distribution lattice fitting theory of Komada and Westrum [I l] yielding f&w = 143.5. This fitting procedure allows for acoustic as well as optical modes and can therefore be used at high temperatures. We thus obtain A,,, Ho = 958 moi-' ( = 115.2 R) and A,So = 4.095 J mol-' K-' ( = 0.492 R).
The results of the 27 drop calorimetric measurements are given in Table 4 , and are plotted in Fig. 2 . Two discontinuities have been observed: the solid state orthorhombic/cubic transformation and the melting point (see Discussion). The data have been fitted to three polynomial equations. For the Fig. I . The low-temperature heat capacity of &OH. orthorhombic phase we obtained:
vidual measurements are plotted in Fig. 1 as a function of temperature. The data were fitted to a power series in orthogonal polynomials as described by Justice [IO] , from which the smoothed thermodynamic functions in Table 3 were calculated: Ci(298.15 K) = (69.96 + 0.10) J mol-' K-', and SO(298.15 K) = (104.22 L-0.08) J mol-' K-l.
A reversible I-type transition with a peak maximum of 233.96 K was observed in the heat capacity of CsOH. The extension of the excess contribution is very broad, ranging from 190 to about 400 K. The enthalpy and entropy of transition were calculated from the excess heat capacity which was obtained by subtracting the lattice heat capacity from the experimental results. 
DISCUSSION
The polymorphism of CsOH has been studied by Jacobs er al. [12-151 who used DSC, infrared/Raman spectroscopic, X-ray, and neutron diffraction techniques by Bastow er al. [la] , who employed DTA, dielectric constant, and neutron diffraction measurements and by Haas and Schindewoif (171 using electrical conductivity measurements. These studies established three polymorphs of CsOH: an orthorhombic low-temperature modification (LTM), an orthorhombic room-temperature modification (RTM), and a cubic high-tem~rature modification (HTM). Amm er ai. fI8] also observed these modifications in CsOD.
In their earlier work Jacobs er al.
[12] reported the low-temperature phase transformation at about 232 K by DSC, in good agreement with the present results. Their initial spectroscopic study [14] indicated different structural features: weak hydrogen bonds being present in the LTM and absent in the RIM. From the similarity with the low-temperature transformations in KOH and KOD [19] , and especially NaOD [20] , which was explored by lowtemperature X-ray diffraction, Bastow er al. sug gested the transition in CsOH to be first order. However, a comparison of recent low-temperature heat capacity data for KOH and KOD by White ef nl. [21] and NaOD by White and Moore [22] with the present data for CsOH, shows a distinct difference. The transitions in KOH, KOD and NaOD are sharp, the widths being 10, 21 and 18 K, respectively. White calculated the excess heat capacity assuming a discontinuity of the lattice heat capacity (first order), and obtained A,,S = 0.121 R, 0.126 R and O.l03R, respectively. In contrast, the width of the transition in CsOH is very broad, about 210 K, indicating a non-isothermal effect, and since the high-temperature data fit the same flKW as the low-temperature data, our approach of continuity of the lattice heat capacity through the transition (second order) therefore seems correct. The entropy of transition in CsOH calculated in this way, A,S = 0.492 R, is significantly higher than in KOH, KOD and NaOD. In case the phase transformation is assumed to be solely the results of independent ordering of the dipoles, the theoretical value of A,,S would be R In 2 ( = 0.693R).
T(K)
The values for the temperatures of the orthorhombic-to-cubic and the cubic-to-liquid transitions presented here, (498.2 + 0.5) K and (615.5 & 0.5) K, respectively, are in fair agreement with previous data. Reshetnikov and Baranskaya [24] reported a thermal effect around 410 K, which was not observed in the present study. This effect is probably due to the loss of some residual water [25] . The values for the enthalpies associated with these transitions are, however, in poor agreement. Reshetnikov and Baranskaya [24] obtained 6070 and 4560 J mol-' and Jacobs et al. [ 12, 131 7120 and 7400 J mol-', respectively, compared with 5400 and 7783 J mol-', as obtained in this study.
The present thermodynamic data for CsOH deviate considerably from the DSC results of Jacobs et al. Apart from the absence of the low-temperature transition in the data of Jacobs et al., the present data suggest a constant C, for the RTM and HTM, whereas the data of Jacobs et al. show a strong temperature dependence. This may be attributed to the presence of carbonate or water impurities and the use of the inherently less accurate DSC technique. Table 6 . Thermodynamic functions of CsOH(s, I) CO (J mol-' K-') so (J mol-' K-') -{Go -If"(298)}/7-(J mol-' K-') {Ho -,"J;'-";; 5 K)} A+'(T) (J mol-') A/c'(T) (J mol-') 
